Background: Several prospective studies have been conducted in epidermal growth factor receptor (EGFR) inhibitor -related cutaneous reactions in Caucasian patients, but prospective studies in Asian populations are scarce.
Introduction
Human epidermal growth factor receptors (EGFRs), which express in normal human skin tissue, are responsible for cell growth and the proliferation of keratinocytes, and the outer root sheath of hair follicles. 1 Overexpression of EGFRs may lead to uncontrolled cell growth, proliferation, angiogenesis, and metastasis. Previous studies showed that there is an overexpression of EGFRs in some solid cancers, such as non-small-cell lung cancer (NSCLC), colorectal cancer, and head and neck cancer. 1, 2 As a result of this underlying pathway in tumor proliferation, EGFR inhibitors were developed for the treatment of several chemotherapy-resistant solid cancers such as NSCLC, EGFR -positive colorectal cancer, and squamous cell carcinoma of head and neck. 3 EGFR inhibitors are categorized into the following two groups: tyrosine kinase inhibitors and chimeric monoclonal antibodies. 3, 4 Tyrosine kinase inhibitors bind to the tyrosine inhibitors treatment as the best response. Cutaneous reactions and severity between responders and non-responders were compared. Written informed consent was obtained from all study participants prior to their inclusion in this study.
Statistical analysis
Data were analyzed using PASW Statistics version 18.0 (SPSS, Inc., Chicago, IL, USA). Descriptive statistics were used to describe demographic data, cancer type, and duration from drug initiation to the first cutaneous reaction. Associations between cutaneous toxicities and tumor response were determined using Chi-square test or Fishers's exact test. A p-value less than 0.05 indicated statistical significance. kinase portion of EGFRs, which leads to a decrease in cell growth and differentiation of tumor cells. Chimeric monoclonal antibodies compete with EGFR ligands, resulting in down -regulation of transmembrane EGFRs. [3] [4] [5] [6] Unlike conventional cytotoxic chemotherapies, anti-EGFR therapies do not usually cause myelosuppression, neuropathy, or significant nausea, because they have high specificity to EGFR. Common adverse effects of EGFR inhibitors are cutaneous toxicities, which have been reported in 45-100% of patients.
1,4,6 Roe, et al. investigated cutaneous side effects in 30 Caucasian patients during treatment with EGFR inhibitors. They found that acneiform eruption, followed by painful fissures in palms and soles and paronychia were the most common cutaneous reactions. 1 Another study that retrospectively evaluated 99 Asian patients found that the most common cutaneous event was xerosis (52.5%), followed by acneiform eruption (27.3%), erythematous maculopapular rash (11.1%), mucositis (6.7%), and paronychia (5.1%). 7 A systematic review and meta-analysis involving 6,798 patients reported that cutaneous eruptions were associated with longer progression-free survival and overall survival. 8 Several prospective studies have been conducted in EGFR inhibitor-related cutaneous reactions in Caucasian patients, but prospective studies in Asian populations are scarce.
The aim of this study was to investigate the cutaneous side effects of EGFR inhibitors in Asian cancer patients and to assess tumor response to dermatologic manifestations.
Material and Methods
The protocol for this prospective study was approved by the Siriraj Institutional Review Board (SIRB), Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand. Patients with stage IV cancer who were being started with EGFR inhibitors at the Oncology Unit, Department of Medicine, Siriraj Hospital were enrolled and followed during the 2013 to 2016 study period. All patients were followed by oncologists and dermatologists for at least one year. Demographic data, cancer type with background therapy, duration from drug initiation to the first cutaneous reaction, and therapy for cutaneous toxicities were recorded and analyzed. Cutaneous toxicities were graded as 1, 2, 3, 4, and 5 according to Common Terminology Criteria for Adverse Events (CTCAE) guideline version 3.0, United States Department of Health and Human Services, National Institutes of Health, National Cancer Institute. 5, 9 Overall survival, progression-free survival, and tumor response evaluation were assessed using the Response Evaluation Criteria in Solid Tumors (RECIST) guideline. For tumor response evaluation, complete response (CR) was defined as disappearance of all target lesions. Partial response (PR) was defined as reduction of ≥ 30% in the sum of diameters of target lesions from baseline. Progressive disease (PD) was diagnosed if there was at least a 20% increase in the sum of diameters of target lesions. Change in the sum of diameters of target lesions that did not meet one of the above-mentioned criteria was defined as stable disease (SD). 10 In this study, patients who experienced SD, PR, or CR as the best response at some period of time after EGFR inhibitors treatment were defined as responders. Non-responders were defined as patients who met with PD criteria after EGFR
Results
A flow diagram of patient enrollment and patient outcome at the end of the study is shown in Figure 1 . A total of 60 patients (33 males, 27 females) with a mean age of 66.9 ± 10.7 years were included. Demographic data of our patients is shown in Table 1 . All patients received EGFR inhibitor as a palliative treatment for metastatic lung or colorectal cancer. At the time of starting EGFR inhibitor, none of eligible patient experienced higher than grade 1 toxicity from previous cancer treatment. Forty-six patients had NSCLC and received tyrosine kinase inhibitors. Of those 46 patients, oral daily erlotinib 150 mg and oral daily gefitinib 250 mg were prescribed in 29 and 17 patients, respectively. Monoclonal antibodies (cetuximab) with an initial loading dose of 400 mg/m 2 was prescribed in 14 patients with colorectal cancer. All patients had stage IV cancer. Fifty-eight of 60 (96.7%) patients receiving EGFR inhibitor treatment developed cutaneous reactions. Number of responders was equal to that of non-responders. With the median follow up time of 11.92 ± 1.08 months, 9 patients died Figure 3 . Acne/papulopustular eruption, xerosis, desquamation, and pruritus commonly occurred within one month after starting treatment. Of 46 patients with acne, 54.3% developed papulopustular lesions within two weeks. The peak duration to the development of nail involvement (paronychia and/or painful fissures) was 6 to 8 weeks. Alopecia and trichomegaly occurred after 10 weeks of treatment. 
Figure 3b. The frequency of different clinical types of cutaneous reactions associated with duration of anti-EGFR treatment
Most patients were able to tolerate cutaneous reactions, because the level of severity of most reactions was not severe ( Table 2 ). There was no fatal cutaneous toxicity founded in this cohort. Of 14 patients with ≥ grade 3 cutaneous reactions, 3 patients needed temporary interruption of EGFR treatment while another 3 patients required dose reduction. All patients were improved as a result of EGFR inhibitor modification with symptomatic treatment and then were able to resume the same treatment regimen at a later date. With regard to papulopustular reaction, bacterial cultures from pustular lesions from 11 patients showed positive for methicillin -sensitive Staphylococcus aureus in 10 patients (90.9%) and sterile pustule in 1 patient (9.1%). Treatment for acne-like lesions included topical antibiotics (clindamycin and erythromycin), 2% salicylic acid, and topical retinoids. Systemic antibiotics (doxycycline and dicloxacillin) were used in patients with grade 3 severity. Low-dose systemic corticosteroids with a duration of less than 1 week were commenced in a few patients to rapidly reduce pain and skin inflammation. Moisturizers were recommended for use in all patients with xerosis and painful fissures on fingertips. Paronychia was treated with carbol-fuchsin in order to dry the wound and to prevent superinfection. There were no statistically significant differences in type, severity, or number of cutaneous reactions between responders and non-responders ( Table 3) .
Discussion
The EGFR family is a group of receptor tyrosine kinases that consists of four members: ErbB1, ErbB2, ErbB3, and ErbB4. In normal human skin, ErbB1 is expressed in the basal layer of the epidermis, the outer root sheath of the hair follicle, and the sebaceous and eccrine epitheliums. 3, 11 ErbB1 was also found to express in various types of cancers. 3, 11 Cetuximab, erlotinib, and gefitinib target ErbB1, and these drugs are increasingly used in patients with metastatic cancer. 11 Due to their mechanisms of action, anti-EGFR therapies can cause both tumor suppression and cutaneous toxicities.
A retrospective study in Asians by Chanprapaph, et al. reported that 58.6% of patients taking erlotinib or gefitinib had skin reactions. 7 Our study found a higher rate of skin reactions (96.7%) from cetuximab, erlotinib, and gefitinib. Interestingly, both our study and the study by Chanprapaph, et al. were in Thai population. This difference may be due to one or more of the following factors: (i) the current study was a prospective study, (ii) skin examinations were performed by dermatologists, and (iii) skin reactions due to cetuximab were also investigated in our study. The incidence of xerosis due to EGFR inhibitor treatment was reported to vary from 4% to 100%. 1, 7, [12] [13] [14] This wide variation in incidence may be due to dissimilarities in xerosis definition, climate, and duration of drug administration among studies. However and similar to a previous study, we found xerosis to be the most common reaction among Thai patients. 7 Cetuximab was more likely to cause xerosis than erlotinib. 9 Time duration to the development of each cutaneous reaction in Asian patients was comparable to the time durations found in Caucasian patients. 1, 7, 14 In this study, acne/ papulopustular reaction, the most common reaction found in some other studies, developed between 1 and 3 weeks after the start of treatment. Paronychia and fissuring typically developed from 4 to 8 weeks after the start of treatment. 14, 18 The pathogenesis of cutaneous reactions is not well understood. Disruption in normal EGFR functions, which include maintaining and controlling skin integrity and inflammation, is believed to be the main pathogenic factor. 9, 15, 16 For acne-like lesions, histopathology results showed 2 major patterns of reaction without sebaceous gland involvement, as follows: (i) suppurative folliculitis with associated rupture of epithelial lining; and, (ii) inflammatory cell infiltrate surrounding follicular infundibula, especially in the upper portion of the hair follicle. 9, 14, 16 Similar to our study, bacterial cultures from pustular lesions revealed sterile pustule or Staphylococcus aureus overgrowth. [14] [15] [16] [17] Due to inconclusive pathogenesis and superimposed bacterial infection, corticosteroids, antibiotics, retinoids, and immunomodulatory agents have been used empirically to treat acne-like reaction with varying response. 14, 16, 18 A randomized phase III study evaluated the effect of prophylactic treatment with minocycline for erlotinib-induced skin rash in 150 NSCLC patients. 19 They found that prophylactic treatment did not decrease the incidence of skin reaction. Moreover, skin reaction was not self-limiting. Nevertheless, prophylactic treatment was able to reduce the severity of skin reaction, improve patient compliance, and did not interfere with the efficacy of erlotinib. Two meta-analyses involving 6,798 NSCLC patients treated with tyrosine kinase inhibitors (erlotinib and gefitinib) and 1,961 solid tumor patients treated with cetuximab reported that cutaneous reactions were found to be associated with better survival outcomes.
8, 20 Chanprapaph, et al. studied 99 Thai patients, which is the same ethnicity as the population in this study, and found that skin rashes were significantly associated with tumor response. 7 We believe that our study was not able to demonstrate this same significant association due to the comparatively small size of our study population.
In conclusion, almost all patients in this study (96.7%) developed cutaneous toxicities of EGFR inhibitors. Xerosis, acne, and skin desquamation were common cutaneous reactions. Most reactions were mild and were well tolerated with supportive treatment. Although current evidence suggests that cutaneous reactions seem to associate with tumor response, our study was not able to demonstrate this association due to limited number of patients.
